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@ A method of reading out signais for a solid-state imaging device. 



(57) A method of reading out signals for a solW- 
state imaging device is disclosed. In this 
method, the timing of a final gate transfer dock 
signal and the timing of a reset pulse signal 
6^ are both synchronized with two cycles of a 
horizontal CCD dock signals 6^^ and to 
combine signal charges from two horizontally 
adjacent pixel pairs. Accordingly, the sensitivity 
under a low light intensity can be enhanced in a 
simple and inexpensive way without modifying 
the stmcture of the solid-state imaging device 
or adding an external device. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a method of read- 
ing out signals for a solid-state imaging device used 
in a video camera, image pick-up device, or the like, 

2. Description of the Prior Art 

Nowadays, two-dimensional solid-stato imaging 
devices using charge transfer means are widely used 
in broadcast and home video cameras and the i Ike. To 
produce images using such two-dimensional solid- 
state imaging devices and conforming to the scanning 
system of television, 2:1 interlaced scanning must be 
performed in the two-dimensional imaging devices to 
confonm to the 2:1 interlaced scanning system of tele- 
vision in which two fields are traced during each frame 
period. The following describes a method of reading 
out signals for a solid-state imaging device in which 
2:1 interiacing in such a two-dimensional solid-state 
imaging device is achieved by a field-integration 
method. 

Figure 6 shows a schematic diagram of an inter- 
line transfer charge-coupled (CCD) area/image sen- 
sor as an example of a two-dimensional solid-state 
imaging device in which 2:1 Interiacing is achieved by 
a field-integration method. In the area/image sensor 
shown, a plurality of photoelectric converters 1, 1, ... 
each comprising a photodiode, an MOS transistor, 
etc. are arranged in a lattice-like array (i.e., an array 
of rows and columns) corresponding to the pixels of 
the television display system. When a gate pulse is 
applied to a transfer gate 2 during the vertical blanking 
period, charges generated by the photoelectric con- 
verters 1. 1, ... in proportion to the light intensity are 
simultaneously transferred into corresponding stor- 
age sites 3a, 3a, ... in vertical transfer sections 3 con- 
sisting of CCDs arranged in the vertical direction 
alternately with the vertical arrays of photoelectric 
converters 1.1 After that, photoelectric conver- 
sion is performed once again by the photoelectric con- 
verters 1 , 1 . so tiiat the next set of signal charges 
proportional to the light intensity are accumulated. 

During each horizontal blanking period, the signal 
charges transferred from the photoelectric converters 
1, 1, ... to the corresponding storage sites 3a. 3a, ... 
in the vertical transfer sections 3 are transferred line 
by line, as shown by arrow (A), into corresponding 
storage sites (not shown) in a horizontal transfer sec- 
tion 4 consisting of a CCD array. The signal charges 
for one scanning line that have been transferred into 
the horizontal transfer section 4 are then decked hori- 
zontally, as shown by arrow (B), toward the final stage 
transfer gate 6 by the clock timing'shown in Figure 8. 
The signal charges for one field are thus output line 
by line from the final stage transfer gate 6 to a charge 



detectors, and the signal sensed by the charge detec- 
tor 5 is amplified by an amplifier 7 to form a standard 
video signal. 

Figure 7 is a cross sectional view of the horizontal 

5 transfer section 4, transfer gate 6, and charge detec- 
tor 5 of Figure 6, with applied potentials indicated. 

The above-mentioned field-integration method 
achieves 2:1 interiacing by reading out signals in the 
following manner. In the field-integration method, all 

10 the signal charges generated by the photoelectric 
converters (hereinafter refen-ed to as pixels) to pro- 
duce one frame are read out during one field period. 
To achieve this, signal charges from two vertically 
adjacent pixels 1 a and 1 b shown in Figure 6 (hereinaf- 

15 ter simply referred to as "pixel pair**) are combined and 
simultaneously read out into one storage site 3a in the 
adjacent vertical transfer section 3. For example, for 
an odd-numbered field, signal charges from a pixel 
1ai and a pixel 1bi are combined and simultaneously 

20 transferred into one storage site Sa^ in the adjacent 
vertical transfer section 3 (as shown by solid arrows 
in Figure 6); on the other hand, for an even-numbered 
field, signal charges from a pixel pair offset by one 
pixel in the vertical direction, i.e. the pixel lb-, and a 

25 pixel 1a2, are combined and simltaneously transfenred 
into the storage site 3ai (as shown by dotted arrows 
in Figure 6). As a result, as shewn in Figure 9, appa- 
rent space sampling points for an odd-numbered field 
are each taken at the middle point (indicated by a cir- 

30 de numbered "1") between two vertically adjacent 
pixels la and 1 b constituting each pixel pair in areas 
31 defined by thin solid lines, while apparent space 
sampling points for an even-numbered field are each 
taken at the middle point (indicated by a square num- 

35 bered "2") between two vertically adjacent pixels 1b 
and la constituting each pixel pair in areas 32 defined 
by thin dotted lines. 

The space sampling points are thus arranged in 
a lattice-like pattern, as shewn in Figure 9, at the same 

40 intervals at which the pixels 1, 1, ... are arranged. 

As shewn in Figure 8. in the method of reading out 
signals for the above solid-state imaging device, the 
timing of both a final gate transfer pulse signal 0hi' 
and a reset pulse signal Or is set so as to synchronize 

45 with a horizontal CCD drive pulse signal 0hi and a 
horizontal CCD drive pulse signal 0h2 with the same 
dock cycle. Therefore, every space sampling point is 
positioned at the middle point between two vertically 
adjacent pixels constituting each pixel pair. That is, 

50 the signal charge obtained from a given space sam- 
pling point represents combined signal charges of two 
vertically adjacent pixels. 

However, with the recent advances toward 
increased pixel count and miniaturization of optics, 

55 the unit pixel area has been reduced to such a degree 
tiiat the sensitivity characteristics of photoelectric 
converters under a lew light intensity are new nearing 
the theoretical point where shot noise associated witii 
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photoelectric conversion will become dominant. 
Therefore, the above method of reading out signals 
for a solid-state imaging device has the problem that 
since the signal charge of one space sampling point 
is obtained by combining signal charges of two verti- 
cally arranged pixels 1 and 1, the absolute signal 
charge amount is low per space sampling point, 
resulting in a drop in the signal-to-noise ratio under a 
low light intensity, and hence degradation in sensiti- 
vity characteristics. 

SUMMARY OF THE INVENTION 

The method of reading out signals of this inven- 
tion for a solid-state imaging device comprising photo- 
electric conversion means and charge transfer 
means, said photoelectric conversion means having 
a plurality of pixels arranged in an array of rows and 
columns, each of said pixels converting light to signal 
charges, said charge transfer means receiving said 
signal charges and transferring said signal charges to 
an output of said device overcomes the above-discus- 
sed and numerous other disadvantages and deficien- 
cies of the prior art. In this method of the invention, 
signal charges generated in a plurality of horizontally 
adjacent ones of said pixels are combined in said 
charge transfer means and outputted at said output in 
a combined form. 

In a preferred embodiment, combinations of said 
plurality of horizontally adjacent ones of said pixels for 
combining the signal charges are periodically 
changed. 

In a preferred embodiment, video signal confonm- 
ing to the 2;1 interfaced scanning is produced by 
changing said combinations of said plurality of hori- 
zontally adjacent ones of said pixels for comb In ing the 
signal charges between an odd-numbered field and 
an even-numbered field. 

In a preferred embodiment, timing of reset dock 
signal for resetting —said signal charges is 
synchronized with two clock cycles of horizontal CCD 
clock signals for horizontally transferring said signal 
charges to said output, and said signal charges of two 
horizontally adjacent pairs of said pixels are outputted 
at said output. 

In a preferred embodiment, timing of final gate 
transfer clock signal and timing of reset dock signal 
for resetting said signal charges are synchronized 
with two dock cycles of horizontal CCD dock signals 
for horizontally transferring said signal charges to said 
output, and said signal charges of two horizontally 
adjacent pairs of said pixels are outputted at said out- 
put. 

In a preferred embodiment, timing of reset clock 
signal for resetting said signal charges is 
synchronized with three or more dock cycles of hori- 
zontal CCD clock signals for horizontally transfemng 
said signal charges to said output and said signal 



charges of three or more horizontally adjacent ones of 
said pixels are outputted at said output. 

In a preferred embodiment timing of final gate 
transfer clock signal and timing of reset dock signal 

5 for resetting said signal charges are synchronized 
with three or more dock cycles of horizontal CCD 
clock signals for horizontally transferring said signal 
charges to said output, and said signal charges of 
three or more horizontally adjacent ones of said pixels 

10 are outputted at said output 

Thus, the invention described herein makes 
possible the objective of providing a method of read- 
ing out signals for a solid-state imaging device, which 
can enhance the sensitivity under a low light intensity 

15 in a simple and inexpensive way without modifying the 
structure of the solid-state imaging device or adding 
an external device. 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 



This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in the art by reference to the 
accompanying drawings as follows: 
25 Figures 1A and 1B are dock timing charts of an 

embodiment according to the invention, Figure 

1 A is for an odd-numbered field and Figure 1 B for 

an even-numbered field; 

Figures 2 and 3 both show the arrangement of 
30 space sampling points in which the space sampl- 

ing points for every horizontal scan are aligned 
from one scanning line to the next within the same 
field; 

Figures 4 and 5 show the arrangement of space 
35 sampling points when the arrangement of space 

sampling points on the scanning lines for the 
same field is offset between each horizontal scan; 
Figure 6 shows a schematic diagram of an Inter- 
line transfer charge-coupled (CCD) area/image 
40 sensor as an example of a two-dimensional solid- 

state imaging device in which 2:1 interiacing is 
achieved by a field-integration method; 
Figure 7 is a cross sectional view of the horizontal 
transfer section 4, transfer gate 6. and charge 
45 detector 5 of Figure 6. with applied potentials indi- 

cated; 

Figure 8 shows a dock timing chart of a prior art 
method; and 

Figure 9 shows the arrangement of apace sampl- 
50 ing points in the prior art method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 The preferred embodiments of the present inven- 

tion will now be described in detail with reference to 
the accompanying drawings. 

Figures 1 A and 18 are dock timing charts of this 
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embodiment for the horizontal transfer section 4 
shown in Figure 6: Figure 1A is for an odd-numbered 
field and Figure 1B for an even-numbered field. The 
following detailed description deals with a method of 
reading out signals according to this embodiment with 
reference to Figures 1. 6, and 7. 

In this embodiment, the timing of a final gate 
transfer clock signal 0hi' applied to the final transfer 
electrode 14 of the transfer gate 6 (see Figure 7) and 
the timing of a reset dock signal 0r applied to a reset 
transistor 22 (see Figure 7) are both synchronized 
with two clock cycles of both horizontal CCD clock sig- 
nals 0H1 and 0H2. as shown in the dock timing chart 
of Figure 1 for the horizontal transfer section 4. Thus, 
when the horizontal CCD dock signal ©hi goes low 
and the horizontal CCD clock signal 0^2 goes high at 
time (a) in Figure 1 A. the final gate transfer clock sig- 
nal 0Hi' goes low, causing the potential profiles in a 
region 1 8 to vary as shown by a thin dotted line in Fig- 
ure 7. This causes thesignal charge held at the region 
18 and pertaining to the immediately preceding pixel 
pair to be transferred to a floating diffusion layer 21 in 
the charge detector 5 where the signal charge is con- 
verted to a voltage for output through the amplifier 7. 

Next, at time (b). the final gate transfer dock sig- 
nal 0Hi' goes high, making the potential at the region 
1 8 higher than that at a region 20, as shown by a thin 
solid line, and thus preventing the signal charge trans- 
ferred to the region 18 from being transferred to the 
floating diffusion layer 21. At the same time, the hori- 
zontal CCD clock signal 0hi goes high and the hori- 
zontal CCD clock signal 0^2 goes low, causing the 
potential profiles under electrodes 10, 11, 12. and 13 
to vary as shown by a thick solid line in Figure 7, so 
that the signal charge transferred from one pixel pair 
and held at a region 16 and the signal charge trans- 
ferred from another pixel pair and held at a region 15 
are now transferred to the regions 18 and 17, respect- 
ively. Thus, the signal charge transferred firom said 
one pixel pair is stored atthe region 18. Thereafter, at 
time (c), the horizontal CCD dock signal 0hi goes low 
and the horizontal CCD clock signal 0h2 goes high, 
causing the potential profiles under the electrodes 10, 
11, 12. and 13 to vary as shown by a thick dotted line 
in Figure 7, so that the signal charge transferred from 
said other pixel pair and stored atthe region 17 at time 
(b) is now transferred to the region 16. At this time, 
since the final gate transfer clock signal Shi' is kept 
high, the signal charge of said one pixel pair, transfer- 
red to the region 18 at time (b), remains held at the 
region 18. 

Next, at time (d), the horizontal CCD clock signal 
0H1 again goes high and the horizontal CCD clock sig- 
nal 0H2 goes low, so that the signal charge of said 
other pixel pair, transferred to the region 1 6 at time (c), 
is now transferred to the region 1 8. In this manner, the 
signal charge of said one pixel pair, which has been 
held at the region 18 since time (b). is combined with 



the signal charge of said other pixel pair horizontally 
adjacent to said one pixel pair. At the same time, the 
reset clock signal 0r goes high to reset the potential 
of the floating diffusion layer 21 in the charge detector 

5 5 to the reference level. 

Thereafter, at time (e), the final gate transfer clock 
signal Chi' goes low, so that the signal charge repre- 
senting the combined signal charges of the two pixel 
pairs and held at the region 18 is now transferred to 

10 the floating diffusion layer 21 in the charge detector 5 
where the signal charge is converted to a voltage. 
Then, an output signal OS is output which represents 
the potential difference between the potential based 
on the combined signal charges of the four pixels 1 

15 and the reference potential. At the same time, the 
horizontal CCD clock signal 0hi goes high and the 
horizontal CCD dock signal 0^2 goes low. initiating 
the transfer operation of signal charges pertaining to 
the next combination of two horizontally adjacent pixel 

20 pairs. 

As described above, the signal charges from the 
two horizontally adjacent pixel pairs comprising a total 
of four pixels 1 are combined to obtain a signal charge 
pertaining to one space sampling point. As a result, in 

25 this embodiment, the space sampling points for an 
odd-numbered field are each taken, as shown in Fig- 
ure 2, at the middle point (indicated by a circle num- 
bered "1") between four horizontally and vertically 
adjacent pixels 1, 1, ... in each region 41 defined by 

30 a thin solid line. On the other hand, the space sampl- 
ing points for an even-numbered field are each taken 
at the middle point (indicated by a square numbered 
"2") between four horizontally and vertically adjacent 
pixels 1, 1, ... in each region 42 defined by a thin dot- 

35 ted line. 

As is apparent from the comparison between the 
timing diagrams of Figures 1A and 1B, for an even- 
numbered field the timing to set the final gate transfer 
clock signal 0hi' low and the timing to set the reset 

40 clock signal 0r high are delayed by one clock cycle of 
the horizontal CCD clock signals Ohi and 0h2. com- 
pared to the timing for an odd-numbered field. The 
combination of two horizontally adjacent pixel pairs 
for combining the signal charges is thus offset by one 

45 pixel in the horizontal direction between the odd-num- 
bered field and the even-numbered field, thereby 
achieving, as shown in Figure 2, a staggered lattice- 
like arrangement of the apparent apace sampling 
points. This arrangement better serves to prevent 

50 degradation in modulation transfer function (MTF) 
characteristics than when the space sampling points 
are arranged in a simple lattice-like pattern as shown 
in Figure 3. 

By thus combining signal charges of four pixels to 
55 obtain a signal charge pertaining to one space sam- 
pling point, the signal charge amount can be 
increased in proportion to the increase of the photo- 
sensitive area of one space sampling point, thereby 
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achieving an innprovement in the signal-to-noise ratio. 
That Is, a higher sensitivity can be obtained for a low 
light intensity although the image resolution drops to 
a certain degree. 

Figures 2 and 3 both show the arrangement of 5 
apace sampling points in which the space sampling 
points for every horizontal scan are aligned from one 
scanning line to the next within the same field. On the 
other hand, Figures 4 and 5 show the arrangement of 
space sampling points when the arrangement of io 
space sampling points on the scanning lines for the 
same field is offset between each horizontal scan. 
The numbers in the figures indicate the scanning 
numbers. Figure 4 shows the arrangement in which 
the space sampling points for the same field are taken is 
at the same points, while Figure 5 shows the arrange- 
ment in which the space sampling points for the same 
field are offset by one pixel in the horizontal direction 
between adjacent scanning limes. In either case, the 
space sampling points are arranged in a lattice-like 20 
pattem, at the same intervals at which the pixels 1 are 
arranged, which serves to prevent degradation in hori- 
zontal resolution that occurs with the arrangements of 
space sampling points shown In Figures 2 and 3, 
However, after sampling a signal charge pertaining to 25 
a given space sampling point, for example, a space 
sampling point 43, 44 of scanning number "1" in an 
odd-numbered field, it takes the time equivalent to 
four fields before sampling the signal charge pertain- 
ing to the same sampling point 43, 44, and hence, the 30 
resolution slightly drops in the case of a fast moving 
object. 

As described, in the present embodiment, the tim- 
ing of the final gate transfer clock signal 0hi' and the 
timing of the reset clock signal Or are both 35 
synchronized with two dock cycles of the horizontal 
CCD clock signals 0hi and 0h2i as shown in the dock 
timing chart for the horizontal transfer section 4. for 
sampling signal charges from each pixel pair in the 
interiine transfer CCD area/image sensor which is a 40 
two-dimensional solid-state imaging device. Theref- 
ore, the output signal OS supplied from the output ter- 
minal 8 is based on the combined signal charges 
obtained from two horizontally adjacent pixel pairs. By 
combining signal charges from two pixel pairs, the sig- 45 
nal-to-noise ratio of luminance signal components 
can be improved (for example, shot noise is reduced 
by 3dB by combining signal charges from two pixel 
pairs), thereby providing enhanced sensitivity for 
applications where a low light intensity is used. so 

It should be noted, however, that the enhance- 
ment of sensitivity decreases the resolution to a cer- 
tain degree, since the horizontal resolution decreases 
as the photosensitive area of one space sampling 
point increases. However, since the resolution of the 55 
human eye also tends to drop under a low light inten- 
sity, it does not present much of a problem. 

Furthenmore, in the present embodiment, when 



obtaining the video signal conforming to the 2:1 inter- 
laced scanning by offsetting the combination of two 
vertically adjacent pixels in the vertical direction be- 
tween the odd-numbered field and the even-num- 
bered field, the combination of two horizontally 
adjacent pixel pairs for combining the signal charges 
is periodically changed between each field or be- 
tween adjacent scanning lines within the same field. 
In other words, the arrangement of apparent space 
sampling points is periodically shifted between each 
field or between adjacent scanning lines within the 
same field. This serves to prevent degradation in MTF 
characteristics. 

Thus, according to the present embodiment, it is 
possible to enhance the sensitivity under a low light 
intensity in a simple and inexpensive way and pre- 
vents degradation in MTF characteristics without 
modifying the structure of the interiine transfer CCD 
area/image sensor or adding an external device. 

In the above embodiment, the timing of the final 
gate transfer clock signal 0hi' and the timing of the 
reset clock signal 0r are both synchronized with two 
clock cycles of the horizontal CCD clock signals Ohi 
and 0H2> to store the signal charges of two horizontally 
adjacent pixel pairs at the region 18 as shown in Fig- 
ure 7, However, the present invention is not limited to 
the above clocking, but only the reset clock signal 0r 
may be synchronized with two dink cycles of the hori- 
zontal CCD dock signals 0hi and 0h2. to achieve enh- 
ancement of sensitivity in a simpler manner. 

In the above embodiment, the timing of the final 
gate transfer clock signal 0hi' and the timing of the 
reset pulse signal 0r are both synchronized with two 
clock cycles of the horizontal CCD clock signals Ohi 
and 0H2) to combine the signal charges from two hori- 
zontally adjacent pixel pairs. However, the invention 
is not limited to the above docking, but the timing of 
the final gate transfer dock signal 0hi' and the timing 
of the reset clock signal 0r may be so set as to 
synchronize with three or more dock cydes of the 
horizontal CCD clock signals 0hi and 0h2 so that sig- 
nal charges from three or more horizontally adjacent 
pixel pairs may be combined. 

In the above embodiment, the horizontal transfer 
section 4 has been described as a two-electrode cell 
CCD array, but it will be appreciated that the invention 
is not restricted to this construction. 

Also, in the description of the above embodiment, 
an interiine transfer CCD area/image sensor is taken 
as an example, but it will be appreciated that the so- 
lid-state imaging device contemplated under the pre- 
sent invention is not limited to the one described 
above. 

As is apparent from the atK>ve description, 
according to the method of reading out signals for a 
solid-state imaging device in the first embodiment of 
the invention, when reading out signal charges 
obtained by photoelectric conversion by photoelectric 
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conversion means comprising pixels, signal charges 
pertaining to a plurality of horizontally adjacent pixels 
are read out in a combined form, and therefore, the 
sensitivity under a low light intensity can be enhanced 
in a simple and inexpensive way without modifying the 5 
structure of the soJid-state imaging device or adding 
an external device. 

According to the method of reading out signals for 
a solid-state imaging device in the second embodi- 
ment of the invention, the method of the first embodi- io 
ment is so adapted that the combination of a plurality 
of horizontally adjacent pixel pairs for combining the 
signal charges can be periodically changed, enabling 
the arrangement of apparent space sampling points to 
be shifted periodically. The second embodiment is 
therefore provides the advantage, in addition to the 
advantages of the first embodiment, that degradation 
in MTF characteristics can be prevented. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 20 
skilled in the art without departing from the scope and 
spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the 25 
features of patentable novelty that reside in the pre- 
sent invention, including all features that would be 
treated as equivalents thereof by those skilled in the 
art to which this invention pertains. 

30 

Claims 

1. A method of reading out signals for a solid-state 

imaging device comprising photoelectric conver- 35 
sion means and charge transfer means, said 
photoelectric conversion means having a plurality 
of pixels arranged in an array of rows and col- 
umns, each of said pixels converting light to sig- 
nal charges. said~^ charge transfer means 40 
receiving said signal charges and transfemng 
said signal charges to an output of said device, 

wherein signal charges generated in a 
plurality of horizontally adjacent ones of said 
pixels are combined in said charge transfer 45 
means and outputted at said output in a combined 
form. 



an odd-numbered field and an even-numbered 
field. 

4. A method according to claim 1, wherein timing of 
reset clodc signal for resetting said signal charges 
is synchronized with two clock cycles of horizon- 
tal CCD dock signals for horizontally transferring 
said signal charges to said output, and said signal 
charges of two horizontally adjacent pairs of said 
pixels are outputted at said output. 

5. A method according to claim 1, wherein timing of 
final gate transfer clock signal and timing of reset 
dock signal for resetting said signal charges are 
synchronized with two clock cycles of horizontal 
CCD clock signals for horizontally transferring 
said signal charges to said output, and said signal 
charges of two horizontally adjacent pairs of said 
pixels are outputted at said output. 

6. A method according to claim 1, wherein timing of 
reset clock signal for resetting said signal charges 
is synchronized with three or more clock cycles of 
horizontal CCD clock signals for horizontally 
tinansfening said signal charges to said output, 
and said signal charges of three or more horizon- 
tally adjacent ones of said pixels are outputted at 
said output. 

7- A method according to claim 1 . wherein timing of 
final gate transfer clock signal and timing of reset 
dock signal for resetting said signal charges are 
synchronized with three or more dock cycles of 
horizontal CCD clock signals for horizontally 
transfemng said signal charges to said output, 
and said signal charges of three or more horizon- 
tally adjacent ones of said pixels are outputted at 
said output. 



A method according to daim 1, wherein combi- 
nations of said plurality of horizontally adjacent 
ones of said pixels for combining the signal 
charges are periodically changed. 



8. A solid-^te imaging device comprising photo- 
electric conversion means having a plurality of 
pixels arranged in an array of rows and columns 
for converting light to signal charges, charge 
transfer means for receiving said signal charges 
and transferring said signal charges for output 
from said device, 

and control means for controlling the oper- 
ation of the device such that signal charges gen- 
erated in a plurality of horizontally adjacent ones 
50 of said pixels are combined and outputted from 

said device in a combined fomn. 



3. A method according to claim 2. wherein video sig- 
nal conforming to the 2:1 interiaced scanning is 55 
produced by changing said combinations of said 
plurality of horizontally adjacent ones of said 
pixels for combining the signal charges between 
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